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[ naBa 1. cnoXeHune maTtpul
N aHanm3 CKOPOCTU

Speed of Light aHanna, npodunmposaHme,
Structure of Arrays u Array of Structures




[omaluHee 3agaHne: cyMMMpoBaHue maTpuL

Using device #1: API: CUDA+OpenCL+Vulkan. GPU. NVIDIA GeForce RTX 4090 (CUDA 12090).
Using CUDA API...
matrices size: 16384x8192 = 3 * 512 MB

Running BAD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|198.66 GB/s I

Mory nn a1 ganblue 3To ycKopuTb? Kakon Mon cnegyowmm war?



[omaluHee 3agaHne: cyMMMpoBaHue maTpuL

Using device #1: API: CUDA+OpenCL+Vulkan. GPU. NVIDIA GeForce RTX 4090 (CUDA 12090).
Using CUDA API...
matrices size: 16384x8192 = 3 * 512 MB

Running BAD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|198.66 GB/s I

Running GOOD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|833.287 GB/sI

Mory nn a1 ganblue 3To ycKopuTb? Kakon Mon cnegyowmm war?



[omaluHee 3agaHne: cyMMMpoBaHue maTpuL

Using device #1: API: CUDA+OpenCL+Vulkan. GPU. NVIDIA GeForce RTX 4090 (CUDA 12090).
Using CUDA API...
matrices size: 16384x8192 = 3 * 512 MB

Running BAD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|198.66 GB/s I

Running GOOD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|833.287 GB/sI

Mory nn a1 ganblue 3To ycKopuTb? Kakon Mon cnegyowmm war?
1) Speed-of-Light (SoL) aHanu3 - no3BonseT 6bICTPO NPUHMMATL PELLEHMS,
BCTpamBaTb Live-npodunmpoBaHmne B NpoayKT HaBcerga

Mory nn s yCKOpUTb C NOMOLLbIO ONTUMMU3aLMIA BbIYUCITIEHNIN?
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[omaluHee 3agaHne: cyMMMpoBaHue maTpuL

Using device #1: API: CUDA+OpenCL+Vulkan. GPU. NVIDIA GeForce RTX 4090 (CUDA 12090).
Using CUDA API...

matrices size: 16384x8192 = 3 x 512 MB Memory Processing power (TFLOPS)
Running BAD matrix kernel... Model Band- | Bus Tensor
Si Half | Single | Doubl
a + b matrix kernel median VRAM bandwidth:|198.66 GB/s I = width | width ; o= | compute
(GB) ) (boost) (boost) (boost)
(GBIs) | (bit) (sparse)
Running GOOD matrix kernel...
; : : GeForce RTX 73.07 | 73.07 | 1.142 | 3303
a + b matrix kernel median VRAM bandw1d‘th:|833.287 GB/sI 74175 24 | 1008 | 384
4090(74175] (82.58) | (82.58) (1.290)  [660.6]

Mory nn a1 ganblue 3To ycKopuTb? Kakon Mon cnegyowmm war?
1) Speed-of-Light (SoL) aHanu3 - no3BonseT 6bICTPO NPUHMMATL PELLEHMS,
BCTpamBaTb Live-npodunmpoBaHmne B NpoayKT HaBcerga



[omaluHee 3agaHne: cyMMMpoBaHue maTpuL

Using device #1: API: CUDA+OpenCL+Vulkan. GPU. NVIDIA GeForce RTX 4090 (CUDA 12090).
Using CUDA API...
matrices size: 16384x8192 = 3 * 512 MB

Running BAD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|198.66 GB/s I

Running GOOD matrix kernel...
a + b matrix kernel median VRAM bandwidth:|833.287 6B/s|

Mory nn a1 ganblue 3To ycKopuTb? Kakon Mon cnegyowmm war?

1) Speed-of-Light (SoL) aHanu3 - no3BonseT 6bICTPO NPUHMMATL PELLEHMS,
BCTpamBaTb Live-npodunmpoBaHmne B NpoayKT HaBcerga

2) MpohnnupoBLUKK - HE TPebyeT aHanNUTUKK, NOKa3bIBAET KakK €CTb
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Running BAD matrix kernel...

a + b matrix kernel median VRAM bandwidth:}§198.66 GB/s

ID Estimated Speedup [%] Function Name “~ Demangled Name ?zu;it;orr;ir)ns] (R;g:iaes)lmprovement Uie Compute Throughput [%]
0 87.45 aplusb_matrix bad aplusb_matrix_bad.. 7,84 6,85 1,88
1 5.24 aplusb_matrix_good aplusb_matrix_goo... 1,70 0,09 8,65
2 5.11 aplusb_matrix_good aplusb_matrix_goo... 1,69 0,09 8,71

The following performance optimization opportunities were discovered for this result. Follow the rule links to see more context on the Details page.

Note: Speedup estimates provide upper bounds for the optimization potential of a kernel assuming its overall algorithmic structure is kept unchanged.

Est. Speedup: 87.45%

Est. Speedup: 77.74%

Est. Speedup: 77.07%

This kernel has uncoalesced global accesses resulting in a total of 352321536 excessive sectors (88% of the total 402653184 sectors).
Check the L2 Theoretical Sectors Global Excessive table for the primary source locations. The has additional
information on reducing uncoalesced device memory accesses.

The memory access pattern for global loads from L2 might not be optimal On average, only 4.0 of the 32 bytes transmitted per sector are
utilized by each thread. This applies to the 99.9% of sectors missed in L1TEX. This could possibly be caused by a stride between threads.
Check the section for uncoalesced global loads.

The memory access pattern for global stores to L2 might not be optimal. On average, only 4.0 of the 32 bytes transmitted per sector are

utilized by each thread. This applies to the 99.0% of sectors missed in L1TEX. This could possibly be caused by a stride between threads.
Check the section for uncoalesced global stores.

Mem(

©

©

©

-
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Running GOOD matrix kernel...

!
a + b matrix kernel median VRAM bandwidth:
ID Estimated Speedup [%] Function Name “~ Demangled Name Duration [ms] Runtime Improvement [me] Compute Throughput [%] Mem(A
(25,42 ms) (8,01 ms)
0 87.45 aplusb matrix bad  aplusb_matrix_bad.. 7,84 6,85 1,88
1 5.24 aplusb_matrix_good aplusb_matrix_go... 1,70 0,09 8,65
2 5.11 aplusb_matrix_good aplusb_matrix_goo... 1,69 0,09 8,71 ¥

The following performance optimization opportunities were discovered for this result. Follow the rule links to see more context on the Details page.

Note: Speedup estimates provide upper bounds for the optimization potential of a kernel assuming its overall algorithmic structure is kept unchanged.

The difference between calculated theoretical (100.0%) and measured achieved occupancy (85.1%) can be the result of warp scheduling overheads or ©)
Est. Speedup: 5.24% workload imbalances during the kernel execution. Load imbalances can occur between warps within a block as well as across blocks of the same
ke B2 kernel. See the for more details on optimizing occupancy.

On average, each warp of this workload spends 215.6 cycles being stalled waiting for a scoreboard dependency on a L1TEX (local, global, surface, ©)
texture) operation. Find the instruction producing the data being waited upon to identify the culprit. To reduce the number of cycles waiting on L1TEX
Est. Speedup: 5.24% data accesses verify the memory access patterns are optimal for the target architecture, attempt to increase cache hit rates by increasing data
locality (coalescing), or by changing the cache configuration. Consider moving frequently used data to shared memory. This stall type represents
about 96.2% of the total average of 224.2 cycles between issuing two instructions.
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Running GOOD matrix kernel...

!
a + b matrix kernel median VRAM bandwidth:
ID Estimated Speedup [%] Function Name “~ Demangled Name Duration [ms] Runtime Improvement [me] Compute Throughput [%] Mem(A
(25,42 ms) (8,01 ms)
0 87.45 aplusb matrix bad  aplusb_matrix_bad.. 7,84 6,85 1,88
1 5.24 aplusb_matrix_good aplusb_matrix_go... 1,70 0,09 8,65
2 5.11 aplusb_matrix_good aplusb_matrix_goo... 1,69 0,09 8,71 ¥

The following performance optimization opportunities were discovered for this result. Follow the rule links to see more context on the Details page.

Note: Speedup estimates provide upper bounds for the optimization potential of a kernel assuming its overall algorithmic structure is kept unchanged.

The difference between calculated theoretical (100.0%) and measured achieved occupancy (85.1%) can be the result of warp scheduling overheads or ©)
Est. Speedup: 5.24% workload imbalances during the kernel execution. Load imbalances can occur between warps within a block as well as across blocks of the same
ke B2 kernel. See the for more details on optimizing occupancy.

On average, each warp of this workload spends 215.6 cycles being stalled waiting for a scoreboard dependency on a L1TEX (local, global, surface, ©)
texture) operation. Find the instruction producing the data being waited upon to identify the culprit. To reduce the number of cycles waiting on L1TEX
Est. Speedup: 5.24% data accesses verify the memory access patterns are optimal for the target architecture, attempt to increase cache hit rates by increasing data
locality (coalescing), or by changing the cache configuration. Consider moving frequently used data to shared memory. This stall type represents
about 96.2% of the total average of 224.2 cycles between issuing two instructions.



Array of Structures (AoS) vs Structure of Arrays (SoA)

class Point4f {
TLaat X;
float vy;
float z;
float w;



Array of Structures (AoS) vs Structure of Arrays (SoA)

class Point4af {

float X;

float vy;

__global__ void kernel_process_points( float z;
const Point4f* points, float w:

unsigned int n) }:
const unsigned int index = blockIdx.Xx * blockDim.x + threadIdx.X;

float x = points[index].x; coalesced memory access pattern?
il 5%

13



Array of Structures (AoS) vs Structure of Arrays (SoA)

__global__ void kernel_process_points(
const floatx points_X,

const floatx points_y,
const floatx points_z,
const float*x points_w,
unsigned int n)

const unsigned int index = blockIdx.x * blockDim.x + threadIdx.X;

float x = points_x[index]; coalesced memory access pattern?

// ... 1“




[ naBa 2: MeHTanbHass Moaenb

JNTununyTbl, KNOYHbI, opuLmMaHTbl, rpaHuua mexay APl n xenesom



1)

MbicneHHas mogenb, ctaHaapTt n AP, keneso
NnnunyTt = ??7?

16



1)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

nMHMHYT = MNOTOK C ero JIN4YHbIMW.
1.1) 222

17



MbicneHHas mogenb, ctaHaapTt n AP, keneso
JINNYT = MNOTOK C €ro JIN4YHbIMW.

1) 3Ha4YeHAMN NepeMeHHbIX (MPOMEXYTOYHbIE BblYMCIIEHNS, PerMcTpbl)
.2) Homepom workltem (Homep 3aga4n)
3)

C ero npuHagnexHocTelo workGroup (a Ha ypoBHe xenesa - warp 1 SM)

1) Nn
1.
1
1

YT0 n3 aToro Bcero - MbiCneHHasi moaernb, ctaHaapT n API, xenezo?7??

18



1)

Iin
1.
1
1

MbicneHHas mogenb, ctaHaapTt n AP, keneso
nnnnyT = MNMOTOK C €ro JIN4YHbIMW.

1) 3Ha4YeHUAMN nepeMeHHbIX (MPOMEXYTOYHbIE BblYMUCIIEHUA, PErMCTPbI)
.2) Homepom workltem (Homep 3agaun)
3)

C ero npuHaanexHocTblo workGroup (a Ha ypoBHe xenesa - warp u SM)

19



1)

MbicneHHas mogenb, ctaHaapTt n AP, keneso
ﬂmmnyT = NOTOK C ero JIN4YHbIMW:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOYHbIE BbIYUCIIEHNSA, PerucTpbl)
1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = ??7?

20



1)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JNIvnunyT = NOTOK C €ro NINYHLIMN:
1.1) 3HaYEHNAMUN NepeMeHHbIX (MPOMEXYTOYHbIE BbIYUCIIEHNS, PEerucTpbl)

1.2) Homepom workltem (Homep 3agaun)
1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)

MawwuHka ¢ 32 nununytamu = warp:
2.1) ectb 00OWMK instruction pointer
2.2) MOXeT ObITb active - Bce gaHHbIE NOArpYyXeHbl B PErMCTPbI - NMMOO cenyac cHnTaem

y cTaHka-ALU, nnbo xaem korga oH ocsoboaunTces
2.3) moxeT ObITh inactive - XXOeT Korga TpaH3aKUMK NoarpysaT Bce 3arnpoLlleHHbIe
cache lines 13 VRAM

UT0 1n3 aToro Bcero - MbiCNneHHasi moaesnb, ctaHaapT n API, xeneso???

21



1)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JNIununyT = NOTOK C €ro NUYHbLIMMN:
1.1) 3HAYEHUSIMUN NepeMeHHbIX (MPOMEXYTOYHbIE BbIYUCIIEHUS, PErucTpbl)

1.2) Homepom workltem (Homep 3agaun)
1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer
2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem

y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs
2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe

cache lines ns VRAM

22



MbicneHHas mogenb, ctaHaapTt n AP, keneso

1)  JluaunyT = NOTOK C €ro NINYHbIMU:
1.1) 3Ha4YEeHNAMUN NepeMeHHbIX (NPOMEXYTOYHbLIE BbIYMCIEHNS, PErucTpbl)

1.2) Homepom workltem (Homep 3agaun)
1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
2) MawwuHka c 32 nununytamMmm = warp:
2.1) ectb oOWKK instruction pointer
2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs
2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM
3) OdwmumanT = ??7?

23



1)

3)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlvnnnyT = NOTOK C €ro JINYHbLIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamum = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomuymaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) npuHMMaeT 3anpockl OT warp-0oB 1 00CIyXXnBaeT nx

3.2) obnapgaet bonsLon latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaqa nponyckHasi crnocobHocTb (obliee yncno npnHocumblix cache lines)

YT0 13 aToro Bcero - MbicneHHasi moaenb, ctaHaapT n API, xeneszo???
24



1)

3)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlnnunyT = NOTOK C €ro NNYHbIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)

25



3)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlnnunyT = NOTOK C €ro NNYHbIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)
CtaHkn-ALU = FP32 + INT32 cuethl

26



3)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlnnunyT = NOTOK C €ro NNYHbIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)
CtaHkn-ALU = FP32 + INT32 cuethl

Ux cTonbkKo Xe cKornbko Jlinnunytos??? ”7



3)

5)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlnnunyT = NOTOK C €ro NNYHbIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)
CtaHkn-ALU = FP32 + INT32 cueThl

KrnoyH kakyto nrpaet ponb???
28



3)

5)

MbicneHHas mogenb, ctaHaapTt n AP, keneso

JlvnnnyT = NOTOK C €ro JINYHbLIMU:

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)
CtaHkn-ALU = FP32 + INT32 cueThl

KrioyH oHrnvpyeTt MalwlmMHKaMu ¢ 32 nununyTtamMm - BOBpeMs nogHocut active
MaLLUNHKY K cTaHKy-ALU (4TOObI NOBLICUTL YTUNM3aLUMIO, CKPbITh latency) 29



3)

5)

MbicneHHas mogenb,|cTaHaapT m API[ »Keneso

JiununyT = NOTOK C ero NMNYHLIMA:  MUHUMANIUCTUYEH, NPOCT, OrPaHU4YeH

1.1) 3Ha4YEeHNAMN NepeMeHHbIX (MPOMEXYTOUHbIE BbIYUCNEHNS, PErMCTpPbI)

1.2) Homepom workltem (Homep 3agaun)

1.3) c ero npmnHagnexHocTbto workGroup (a Ha ypoBHe xeresa - warp n SM)
MawwuHka ¢ 32 nununytamm = warp:

2.1) ectb oOWKK instruction pointer

2.2) MOXeT ObITb active - Bce AaHHbIE NOArpPYyXeHbl B PErMCTPbI - MO0 cenvac cHnTaem
y ctaHka-ALU, nnbo xxagem korga oH ocsoboauTcs

2.3) MOXeT ObIThb inactive - XXOeT Korga TpaH3aKuuMKM Noarpys3aT Bce 3anpoLUeHHbIe
cache lines ns VRAM

OdomumaHT = WwurHa kommyHukaumm ¢ VRAM:

3.1) NnpMHMMAaET 3anpockl OT warp-oB N 06CnyXnBaeT ux

3.2) obnapaet 6onbLion latency

3.3) MOXEeT OQHOBPEMEHHO 0OCYXXMBaTb MHOMO 3aNpoCOoB U 3a cYET 3Toro 6onbLuas
obuwaa nponyckHasi cnocobHocTb (obLiee Yyncno npnHocmmblix cache lines)
CtaHkn-ALU = FP32 + INT32 cueThl

KrioyH oHrnvpyeTt MalwlmMHKaMu ¢ 32 nununyTtamMm - BOBpeMs nogHocut active
MaLLUNHKY K cTaHKy-ALU (4TOObI NOBLICUTL YTUNM3aLUMIO, CKPbITh latency) 30




MbicneHHas mogenb,|cTaHaapT m API[ »Keneso
MUWHUUMaAJIIUCTUYEH, NPOCT, orpaHn4yeH

Workltem = Thread
0 n

-
I | | I

\ WorkGroup = Block (256 Workltems)/

WorkRange = Grid

+ y kaxxgoun WorkGroup ectb Local Memory

31



MbicneHHas mogenb,|cTaHaapT m API[ »Keneso
MUWHUUMaAJIIUCTUYEH, NPOCT, orpaHn4yeH

Workltem = Thread

0 n
[ | é | [ g
—
\ WorkGroup = Block (256 Workltems)J/
\/ WorkGroup - ntoboro pasmepa?
, 1?7 100000007
WorkRange = Grid

+ y kaxxgoun WorkGroup ectb Local Memory

32



MbicneHHas mogenb,|cTaHgapT U API[ »Keneso
MUWHUUMaAJITIUCTUYEH, NPOCT, orpaHnN4YeH

0 n
| | | | >

K WorkGroup = Block ( )/
N

WorkRange = Grid

Ho n3-3a npocToThbl HE NoTEPANU N Mbl MoLb SIMD?

SIMT (thread) vs SIMD (data) §

short-b0 | short b1 | short b2-] short b3

+

short cO | shortc1 | shortc2 | short c3

33




NENE Intel® Implicit SPMD Program
Compiler

An open-source compiler for high-performance SIMD programming on CPU and GPU

What is ISPC?

Resources
ispc is a compiler for a variant of the C programming language, with extensions for "sinﬁle program, multiele
data" (SPMD) programming. Under the SPMD model, the programmer writes a program that generally GitHub Repository
appears to be a regular serial program, though the execution model is actually that a number of program
instances execute in parallel on the hardware. (See the ispc documentation for more details and examples Community Discussions

that illustrate this concept.)

Report Issues

Performance Release Planning

ispc compiles a C-based SPMD programming language to run on the SIMD units of CPUs and GPUs; it Contributing Guide

frequently provides a 3x or more speedup on architectures with 4-wide vector SSE units and 5x-6x on

architectures with 8-wide AVX vector units, without any of the difficulty of writing intrinsics code. Documentation Wiki

Parallelization across multiple cores is also supported by ispc, making it possible to write programs that 34

achieve performance improvement that scales by both number of cores and vector unit size.



[ naBa 3: nokanbHag NnamMmaTb

Local/Shared memory, barriers, bank conflicts



SM - Streaming Multiprocessor

SM

INlokanbHas namaATb T
100-10° FLOPS I
0000
= - RAM - DDR5
40 GB/s
5 CPU B -TLLLE
= Y .
0000 16 GB/s
PCI_E a2 | TENSOR FR2 || FPs2 | TENSOR

100-10"? FLOPS Local Memory (L1)_|

5000 GB/s (low latency) \

—T— RTCORE [ >

1000 GB/s

VRAM - GDDRG6



JlokanbHaga namaTb

100-10° FLOPS
0000

40 GB/s

RAM - DDR5

<—Uuint values[N]

CPU P4y

100-10"2 FLOPS

5000 GB/s (low latency) \

1000 GB/s

y cymmupoBaHue Ha CPU
16 GB/s 3aHano 10 cekyHA

PCI-E
Local Memory (L1)

VRAM - GDDR6
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JlokanbHaga namaTb

100-10° FLOPS

0000
7 Z RAM - DDR5
o CPU & 40 GB/s .
fe) a A
0000 16 GB/s
PCI-E
100- 10" FLOPS Local Memory (L1)

5000 GB/s (low latency)

1000 GB/s

VRAM - GDDR6

<¢—uint values|N]

cymmupoBaHue Ha CPU
3aHsano 10 cekyHa

compute unm memory
bound?
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JlokanbHaga namaTb

100-10° FLOPS
0000

40 GB/s

RAM - DDR5

<—Uuint values[N]

CPU kg

100-10"2 FLOPS

1000 GB/s

y cymmupoBaHue Ha CPU
16 GB/s 3aHano 10 cekyHA

PCI-E
Local Memory (L1)

5000 GB/s (low latency) \

VRAM - GDDR6

40



JlokanbHaga namaTb

100-10° FLOPS
0000
RAM - DDR5

CPU

40 GB/s ’M<—uint values[N]

\ CymmumposaHue Ha CPU

1000 16 GB/s 3aHano 10 cekyHA
12 PCI-E HacKoJbKO ObICTpee Mbl
10010 “ FLOPS Local Memory (L1) caoenaem aTo Ha GPU?
5000 GB/s (low latency) \
OFE - :

1000 GB/s
VRAM - GDDR6 41
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JlokanbHaga namaTb

100-10° FLOPS
0000

RAM - DDR5

40 GB/s ’M<—uint values[N]

A cymmupoBaHue Ha CPU

CPU

1000 16 GB/s 3aHano 10 cekyHA
12 PCI-E HacKoJbKO ObICTpee Mbl
100-10 ° FLOPS Local Memory (L1) caenaem 3To Ha GPU?
5000 GB/s (low latency) V

1000 GB/s
VRAM - GDDR6 43



JlokanbHaga namaTb

100-10° FLOPS

0000
Z Z RAM - DDR5
40 GB/s
= CPU =
fe=3 = A
1000 16 GB/s
PCI-E
100-10"2 FLOPS Local Memory (L1)
5000 GB/s (low latency) V

1000 GB/s

VRAM - GDDR6

’M<—uint values[N]

cymmupoBaHue Ha CPU
3aHsano 10 cekyHa

HaACKOJIbKO ObICTpee Mbl
coenaem 3Tto Ha GPU?

a Korga 3To nmeno obl
cMmbicn genaTtb Ha GPU?
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JlokanbHaga namaTb

100-10° FLOPS

0000
Z Z RAM - DDR5
: CPU :¢ 40 GB/s ’m<—uint values[N]
Y > A cymmupoBaHue Ha CPU
1000 16 GB/s 3aHano 10 cekyHA
PCI-E

1o HaACKOJIbKO ObICTpee Mbl
100-10™° FLOPS Local Memory (L1) caenaem ato Ha GPU?

a Korga 3To nmeno obl
5000 GB/s (low latency) V cMbicn genaTtb Ha GPU?

oF — _ _ a Korga umeeT cMbich

1000 GB/s
VRAM - GDDRE MCNonb30BaTb .
Local Memory?




JlokanbHaga namaTb

Bcerga nn moxHo rpy3sutb coalesced?

100-10"2 FLOPS Local Memory (L1)

5000 GB/s (low latency)

oF a Korga umeeT cMbICH

1000 GB/s
VRAM - GDDRg "cnonb30Bath "
Local Memory?




JlokanbHaga namaTb

Bcerga nn moxHo rpy3sutb coalesced?

NoaymauTte npo TpaHCNoOHUpPOBaHWe MaTpuubl!
UTteHue - coalesced? 3anuck - coalesced?

100-10"2 FLOPS Local Memory (L1)

5000 GB/s (low latency)

oF a Korga umeeT cMbICH

1000 GB/s
VRAM - GDDRg "cnonb30Bath 4
Local Memory?




JlokanbHaga namaTb

Bcerga nn moxHo rpy3sutb coalesced?

A ecnu y Hac Array-of-Structures? (AoS)

100-10"2 FLOPS Local Memory (L1)

5000 GB/s (low latency)

oF a Korga umeeT cMbICH

1000 GB/s
VRAM - GDDRg "cnonb30Bath 48
Local Memory?




JlokanbHaga namaTb

Bcerga nn moxHo rpy3sutb coalesced?

A ecnu y Hac Array-of-Structures? (AoS)

Bcerga nu anemMeHT rpy3nTcsa oguH pas?

100-10"2 FLOPS Local Memory (L1)

5000 GB/s (low latency)

oF a Korga umeeT cMbICH

1000 GB/s
VRAM - GDDRg "cnonb30Bath 4
Local Memory?




JlokanbHaga namaTb

Bcerga nn moxHo rpy3sutb coalesced?

A ecnu y Hac Array-of-Structures? (AoS)

Bcerga nu anemMeHT rpy3ntcs oguH pas?
N-body simulation!

100-10"2 FLOPS Local Memory (L1)

5000 GB/s (low latency)

oF a Korga umeeT cMbICH

1000 GB/s
VRAM - GDDRg "cnonb30Bath 6
Local Memory?




JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m

__shared__ unsigned int wor‘kgr‘oup_da‘ca[256];@('?L‘,ﬁ?|A

shared uint workgroup_data[ZSé]m

51



JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m

unsigned int workgroup_data[256];@cwum

shared uint workgroup_data[ZSé]m
2) Kak BbIrnsgurT:

__shared_

__local unsigned int workgroup_data[256]; <& Annokauus
if (index < n) {

workgroup_data[get_local_id(0)] = al[index];
} else {
workgroup_data[get_local_id(0)] = 0;

chert

52



JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m

unsigned int workgroup_data[256];@cwum

shared uint workgroup_data[ZSé]m
2) Kak BbIrnsgurT:

__shared_

__local unsigned int workgroup_data[256]; <& Annokauus
if (index < n) {

a[index] ; €*— YTEeHMe cBOEro anemMmeHTa

workgroup_data[get_local_id(0)]
} else {
workgroup_data[get_Tlocal_id(0)]

chert

0;
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JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m

unsigned int wor‘kgr‘oup_da‘ca[256];Qcm‘“‘Um

shared vuint workgroup_data[ZSé]W
2) Kak BbIrnsgurT:

__shared_

__local unsigned int workgroup_data[256]; < Annokauus
if (index < n) {

a[index] ; €¥—— YTEeHMEe cBOEro anemMmeHTa

workgroup_data[get_local_id(0)]
} else {
workgroup_data[get_Tlocal_id(0)]

0; < UTeHne HenTpanbHOro aremMeHTa

; ; ! (padding)
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JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m
__shared_

unsigned int workgroup_data[256];ﬁigﬁ‘ﬁrA

shared uint workgroup_data[256]ﬂﬂiikan
2) Kak BbIrnsgurT:

__local unsigned int workgroup_data[256]; ¢ Annokauus
if (index < n) {

a[index] ; €¥—— YTEeHMEe cBOEro anemMmeHTa

workgroup_data[get_local_id(0)]
} else {

workgroup_data[get_local_id(0)] = 0; <& UTeHne HenTpanbHOro aremMeHTa
} (padding)

MoXXeT N Tenepb NOTOK warp npo4MtaTtb YMcro coceaa?
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JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m
__shared_

unsigned int workgroup_data[256];ﬁigﬁ‘ﬁrA

shared uint workgroup_data[256]ﬂﬂiikan
2) Kak BbIrnsgurT:

__local unsigned int workgroup_data[256]; ¢ Annokauus
if (index < n) {

a[index] ; €¥—— YTEeHMEe cBOEro anemMmeHTa

workgroup_data[get_local_id(0)]
} else {

workgroup_data[get_local_id(0)] = 0; <& UTeHne HenTpanbHOro aremMeHTa
} (padding)

MoxkeT nn Tenepb noTok workGroup npovnTtaTtb Yncno cocena?
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JlokanbHaga namaTb

1) Kak o6bsButbH?

__Llocal unsigned int wor‘kgroup_data[256];m

__shared_

unsigned int workgroup_data[256];ﬁigﬁ‘ﬁrA

shared uint workgroup_data[256]ﬂﬂiikan

2) Kak BbIrnsgurT:

__local unsigned int workgroup_data[256]; ¢ Annokauus

if (index < n) {
workgroup_data[get_local_id(0)]

} else {
workgroup_data[get_Tlocal_id(0)]

b

barrier(CLK_LOCAL_MEM_FENCE) ; <&

a[index] ; €®—— YTEeHMEe cBOEro anemMmeHTa

0; < UTeHne HenTpanbHOro aremMeHTa
(padding)

CuHxpoHusauust workGroup

57



JlokanbHaga namaTb

1) Kak o6bsButbH?

£ .
__local unsigned int workgroup_data[ZSé];O(J:’&
unsigned int workgroup_data[256];“EguiRIA

shared uint workgroup_data[ZSé]W
2) Kak BbIrnsgurT:

__shared_

__local unsigned int workgroup_data[256]; __shared__ unsigned int workgroup_data[256];
if (index < n) { if (index < n) {
workgroup_data[get_local_id(8)] = a[index]; workgroup_data[threadIdx.x] = a[index];

} else { F glse 4
workgroup_data[get_Tlocal_id(0)] 0; workgroup_data[threadIdx.x]

} }

barrier(CLK_LOCAL_MEM_FENCE) ; O@. __syncthreads(); @ NViDIA
CUDA 56

0;




JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

coalesced memory access?

59



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1

29

30

31

60



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1

29

30

31

Local address space: 0

31

61



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1 2 | |29

30

31

Local address space: 0

32

62



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1 2 | .. |29]| 30| 31
Local address space: 0 (N
32 ?

63



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1 2 | .. |29]| 30| 31
Local address space: 0 (N
32 63

64



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[get_local_id(0)] = a[index];

Local memory banks: 0 1 2 | .. |29]| 30| 31
Local address space: 0 (N
32 | —7— 1763

65



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_datalget_local_id(0)]

Local memory banks:

Kakue banks obpabartbiBatoT?

Local address space:

= a[index];

0 1 29 30 31
0 - —731
2/l || | | H—1te3

66



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_datalget_local_id(0)]

Local memory banks:

Kakue banks obpabartbiBatoT?

Local address space:

= a[index];

0 1 29 30 31
0 - —731
2/l || | | H—1te3

67



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[32 * get_local_id(@)l] = a[index];

Kakue banks obpabartbiBatoT?

Local memory banks: 0 1 2 | .. |29]| 30| 31

Local address space: 0

3
32 63




JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];
workgroup_data[32 * get_local_id(@)l] = al[index];

Kakne banks obpabaTtbiBatoT?

Bank conflict!

Local memory banks: 0 1 2 | .. |29]| 30| 31
Local address space: 0 //—/__3{

32 L —r—763

69




JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_data[32 * get_local_id(@)l] = al[index];

Local memory banks:

Local address space:

Kakue banks obpabartbiBatoT?

Bank conflict!

0 29 || 30 || 31
0 | +—7 3t
32 —+—[]63

Hackornbko npocenn?

70



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_data[32 * get_local_id(@)h = al[index];

Local memory banks:

Local address space:

Kakue banks obpabartbiBatoT?

Bank conflict!

0 29 30 31
0 Iy
32 I Hs3

Hackornbko npocenn?

A noyemy mbl
aHanumsupyem warp,
a He workGroup?

71



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_data

Local memory banks:

Local address space:

[O]

Kakue banks obpabartbiBatoT?

0 29 || 30 || 31
0 | +—7 3t
32 —+—[]63

BbICTpO nnn HeT?

72



JlokanbHaa namaTb - bank conflicts

__local unsigned int workgroup_data[256];

workgroup_data

Local memory banks:

Local address space:

[O]

Kakue banks obpabartbiBatoT?

29

30

31

31
63

BbICTpO nnn HeT?

Broadcast!

73
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01: CPU

unsigned int cpu::sum(const unsigned int *values, unsigned int n)
{
unsigned int sum = O;
for (size t 1 = 8; i < n; #+1) 4
sum += values[i];
}.

return sum;

76



02: CPU - OpenMP

unsigned int cpu::sumOpenMP(const unsigned int *values, unsigned int n)

{

unsigned int sum = 0;

#pragma omp parallel for|schedule(dynamic, 1024) reduction(+:sum)

for (ptrdiff_t i = 0; i < n; ++i) {
sum += values[i];
}.

return sum;

77



02: CPU - OpenMP

unsigned int cpu::sumOpenMP(const unsigned int *values, unsigned int n)

{

unsigned int sum = 0;

#pragma omp parallel for |schedule(dynamic, 1024)| reduction(+:sum)
for (ptrdiff_t i = 0; i < n; ++i) {
sum += values[i];

}

return sum;



02: CPU - OpenMP

unsigned int cpu::sumOpenMP(const unsigned int *values, unsigned int n)

{

unsigned int|sum|= 0;

#pragma omp parallel for schedule(dynamic, 1024) |reduction(+:sum)
for (ptrdiff_t i = 0; i < n; ++i) {
sum|+= values[i];

}

return sum;



03: GPU

Workltem = Thread

I ‘ | |

YTto genaet kaxabin Workltem???

80



03: GPU

Workltem = Thread

I ‘ | |

YTto genaet kaxabin Workltem???

sum[0] += values[index];

81



03: GPU - atomicAdd
0

YTo penaet Kaxabin 77?7

sum — index] ;

atomicAdd(sum, values[index]);

82



03: GPU - atomicAdd

Workltem = Thread

IO I I ‘I I

YTto genaet kaxabin Workltem???

sum = ex];

atomicAdd(sum, values[index]);

MoxxHo nu nyJwe?

83



04: GPU - bonee pegknn atomicAdd

I I [ L1111 I

84



04: GPU - bonee pegknn atomicAdd

I I I [ L1111 I

atomicAdd

85



04: GPU - bonee pegknn atomicAdd

Workltem = Thread

0 n
| | | | | [
coalesced?

atomicAdd

86



04: GPU - bonee pegknn atomicAdd

Workltem = Thread

>
I | I I | I

WorkGroup = Block (256 \Workltems)

atomicAdd
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05: GPU - ELWLE 6onee peakun atomicAdd

I | I Sl I I |

WorkGroup = Block (

Kak genaTb pexe yem 1 x atomicAdd
Ha ?

88



05: GPU - oguH atomicAdd Ha WorkGroup

Workltem = Thread

WorkGroup = Block (256 Workliems)

Kak genaTb pexe yem 1 x atomicAdd

Ha workltem?
local memory

[ ]

WorkGroup

89



05: GPU - oguH atomicAdd Ha WorkGroup

Workltem = Thread

WorkGroup = Block (256 Workliems)

Kak genaTb pexe yem 1 x atomicAdd

Ha workltem?
local memory

Workltem=0 (master-thread):

[ ]

WorkGroup

sum [T

90



05: GPU - oguH atomicAdd Ha WorkGroup

Workltem = Thread

[ [ [ [ [ I’._J'

WorkGroup = Block (256 Workliems)

Kak genaTb pexe yem 1 x atomicAdd
Ha workltem?

local memory

WorkGroup
Bce KOppeKkTHO?

Workltem=0 (master-thread): | sum EEEEEE]
atomicAdd 91




05: GPU - oguH atomicAdd Ha WorkGroup

Workltem = Thread

| | | | | W1

WorkGroup = Block (256 Workliems)

Kak genaTb pexe yem 1 x atomicAdd
Ha workltem?

local memory

WorkGroup
bar‘r‘ler‘(CLK_LOCAL_MEM_FENCE) ; .........................................

Workltem=0 (master-thread): | sum EEEEEE]
atomicAdd




if (index < n) {

workgroup_data[get_local_id(0)] = a[index];
} else {

workgroup_data[get_local_id(0)] = 0; <& 3anucb HeMTpaanoro orieMeHTa
s (padding)

barrier (CLK_LOCAL_MEM_FENCE);

| | | | | W1

WorkGroup = Block (256 Workliems)

Kak genaTb pexe yem 1 x atomicAdd
Ha workltem?

local memory

WorkGroup
bar‘r‘ler‘(CLK_LOCAL_MEM_FENCE) ; .........................................

A 3a4yem padding? Workltem=0 (master-thread): | sum EEEEEE]
atomicAdd 03




06: GPU - npen?

94



06: GPU - npen?

kKak BoobOLle 6e3 atomicAdd?
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06: GPU - reduction
0

H_J
WorkGroup = Block (
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06: GPU - reduction
0

i

Local Data
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06: GPU - reduction
0

I I | | | \T\I
Local Data
barrier(CLK_LOCAL_MEM_FENCE): ... ........

98



06: GPU - reduction
0

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum DEEEREE]
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06: GPU - reduction

0

barrier(CLK_LOCAL_MEM_FENCE);

master-thread:

Local Data

sum

A Mbl HE MOIIN MPOCTO 3TUM
master NOoTOKOM BCe cuntaTb?

bapbep - CMHXpOHM3auu4 -
MeareHHo!

100



06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum TR

0 ./ |nl256 OkpyrneHue BHU3?
L] [ [ |
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06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum TR

0 ./ |nl256 OkpyrneHue BHU3?
L] [ [ |
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06: GPU - reduction

>
I | M | I |

Local Data

master-thread: | sum EIEEEN

|an56 OkpyrneHue BHU3?
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06: GPU - reduction

>
I | M | I |

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ..........

master-thread: | sum EIEEEN

% /é n/256/256

|an56 OkpyrneHue BHU3?

104



06: GPU - reduction

0 K-1 K

K+1 n

>
| I |

K(

SrFL

Ip = Block (256 Workltems)

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEREE]

n/256

o
I |

Mo kakomy nHgekcy nuwet master-thread ecnn Homep workGroup = K?
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06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEREE]

A Kak HaMm rnepenTun Ha cregyrowumn war pegykumm?
Kak NMTOBAJIbHbIM 6apbepomM cnMHXpoHU3npoBaTb?
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06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEREE]

Ckornbko ntoro 3anyckos kernel-os?
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06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEREE]

A kakas pasHuua c atomicAdd?
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06: GPU - reduction

0 n
| | [ L] | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEREE]

A kakas pasHuua c atomicAdd?

- [EeTEPMUHU3M
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06: GPU - reduction

0 n
| | | oA | | [

. Local Data
barrier(CLK_LOCAL_MEM_FENCE); . ... .o v ' .u..

master-thread: | sum EEEEEE]

............ OI/n/256
] | | [~

A kakas pasHuua c atomicAdd?

AeTepPMUHN3M
He BCe Bblpa3nTb Yyepes atomicAdd (arg-max muHnmym CAS = Compare And Set) 110



A kak ewe moxHo CUJNTbHO yckoputb? (Mbl XkecToKO memory-bound)

06: GPU - reduction

0 n
| | | oA | | [

. Local Data
barrier (CLK_LOCAL_MEM_FENCE); . ... o v v,

master-thread: | sum EEEEEE]

............ OI/n/256
] | | [~

A kakas pasHuua c atomicAdd?

AeTepPMUHN3M
He BCe Bblpa3nTb Yyepes atomicAdd (arg-max muHumym CAS = Compare And Set) 111



A kakK ewwe moxHo CUJIbHO yckoputb? Komnpeccusi/nokBaHTOBKa AaHHbIX!

06: GPU - reduction

0 n
| | | oA | | [

. Local Data
barrier (CLK_LOCAL_MEM_FENCE); . ... o v v,

master-thread: | sum EEEEEE]

............... OI/n/256
] | | [~

A kakas pasHuua c atomicAdd?

- OEeTEPMUHU3M
- He Bce Bblpa3uTb Yepes atomicAdd (arg-max muHumym CAS = Compare And Set) 112




[ NaBa 5: HOBOe 3aJaHue

TeopeTtnyeckoe. ®paktan MaHgensbpoTta. Cymma B MaccumBe.



TeopeTnyeckoe 3agaHune

1) INycTb Ha BXoA AaH curHan x[n], a Ha BbIXOA, HY>XHO AaTb ABa curHana y1[n] n y2[n]:

X[n - 1] + x[n] + x[n + 1] I'_l;]
y2[n - 2] + y2[n - 1] + x[n]

y1l[n]
y2[n]

Kakown n3 aByx curHanos byzeT npotle 1 bbicTpee peannsoBatb B MOAEN MacCcOBOro napannennsma Ha GPU u
noyemy?
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TeopeTnyeckoe 3agaHune

2) MNpeanonoxunm 4to pasmep warp/wavefront paBeH 32 n pabouas rpynna geamtca Ha warp/wavefront-bl Takum
obpa3om 4to BHYTpU warp/wavefront Homep Workltem no ocu x meHseTcs Yalle BCero, 3aTem no ocu y 1 3atem no
ocu Z.

HanomMmuHaHwe: MHCTPYKLKMA NCMNOJTHAETCA (ﬂyCTb n OTMaCKI/IpOBaHHO) B KaXJOM MNOTOKe warp/wavefront ecnm xots 6bl
OAWNH TMOTOK BbIMOJIHAET 3Ty NHCTPYKLUNHO HEOTMAaCKNPOBAHHO. Echn He BCce NOTOKW BbINONHSAOT 3TY NHCTPYKUWNHO
HEOTMAaCKMPOBAHHO - MPONCXoANT T.H. code divergence.

MycTb pa3mep pabouen rpynnsbl (32, 32, 1)

int idx = get local id(1) + get local size(1) * get local id(@0); d;
if (1dx'% 32 < 16)

foo();
else

bar();

% : 115
Mpownzonaet am code divergence? Mouemy?



TeopeTnyeckoe 3agaHune

3) Kak 1 B npoLunoM 3agaHun NpeanonoXum 4to pasmep warp/wavefront paseH 32 n pabouyas rpynna genmTtcs Ha

warp/wavefront-bl Takum o6pa3om UTo BHyTpu warp/wavefront Homep Workltem no ocu x MeHsieTcs Yalle Bcero,
3aTeM Mo OCK Yy 1 3aTeM MO OCU Z.

MycTb pasmep pabouen rpynnel (32, 32, 1). MNMycTb data - ykazatenb Ha maccuB float-gaHHbIX B rnobanbHOM

BMAEONaMATU naeanbHO BblpaBHEHHbIV (BbipaBHeH rno 128 6anitam, T.e. data % 128 == 0). /I nycTb pa3mep KeLw
NVHUKM - 128 6anrT.

(@) data[get_local_id(®) + get_local_size(®) * get_local_id(1)] = 1.eof;
(b) data[get_local_id(1) + get local_size(1) * get_local_id(@)] = 1.0f;
(c) data[l + get_local id(@) + get_local size(®) * get local id(1)] = 1.0f;

ByaeTt an gaHHoe obpalteHne K namaTtn coalesced? CKoNbKO Kell ANHWUIA 3anncen Npou3onaeTt B o4HON paboyen
rpynne?
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3apaHune - ®paktan MangenbbpoTa

AMD 7900XT VS Kak cpaBHUTBL?
7
AMD 9700XT Kak BbIOpaTb Ans 3apavn’




3apaHune - ®paktan MangenbbpoTa
AMD 7900XT - FP32 51.48 TFlops - 800.0 GB/s

AMD 9700XT - FP32 48.66 TFlops - 644.6 GB/s

e o

VS




3apaHune - ®paktan MangenbbpoTa

AMD 7900XT -|FP32 51.48 TFlops|-/800.0 GB/s
VS
AMD 9700XT -|FP32 48.66 TFlops|-|644.6 GB/s

e o




3apaHune - ®paktan MangenbbpoTa

[laBanTe BHO NOCYUTAEM CKOJSIbKO
GFlops nonyuntca goctnyb!




3apaHune - ®paktan MangensbpoTa

[aBainte aBHO nocymntaem ckonbko GFlops nony4untca goctmyb!

3agaHue - CymmmnpoBaHue Yncen B MaccumBe

[Monpobyem rrnobanbHyto peaykuuto!
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CoBeTbl Mo oTnagke CYMMNPOBaAHNA MaCCHBaA

1) ABTOMaTUKA:
- CUDA - Compute Sanitizer (6Bl cuda-memcheck)
- OpenCL - Oclgrind
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CoBeTbl Mo oTnagke CYMMNPOBaAHNA MaCCHBaA

1) ABTOMaTUKA:
- CUDA - Compute Sanitizer (6Bl cuda-memcheck)
- OpenCL - Oclgrind

2) YnpowauTte + CMOTPUTE YTO NPOUCXOONT:
- caenanTe maneHbknm n=16
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CoBeTbl Mo oTnagke CYMMNPOBaAHNA MaCCHBaA

1) ABTOMaTUKA:
- CUDA - Compute Sanitizer (bbiBlunn cuda-memcheck)
- OpenCL - Oclgrind
2) Ynpowante + CMOTPUTE YTO MPOUCXOONT:
- caenanTe maneHbknm n=16
- std::cout << “values=" << stats::vectorToString(values_gpu.readVector()) << std::endl;
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CoBeTbl Mo oTNnagke CYMMNPOBaAHNA MaCCHBaA

1) ABTOMaTUKA:
- CUDA - Compute Sanitizer (bbiBlunn cuda-memcheck)
- OpenCL - Oclgrind
2) Ynpowante + CMOTPUTE YTO MPOUCXOONT:
- caenanTe maneHbknm n=16
- std::cout << “values=" << stats::vectorToString(values_gpu.readVector()) << std::endl;
- printf(“index=%d value=%d\n”, index, value); (B Vulkan: debugPrintfEXT(...))
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CoBeTbl Mo oTNnagke CYMMNPOBaAHNA MaCCHBaA

1) ABTOMaTUKA:
- CUDA - Compute Sanitizer (bbiBlunn cuda-memcheck)
- OpenCL - Oclgrind

2) Ynpowante + CMOTPUTE YTO MPOUCXOONT:
- caenanTe maneHbknm n=16
- std::cout << “values=" << stats::vectorToString(values_gpu.readVector()) << std::endl;
- printf(“index=%d value=%d\n”, index, value); (B Vulkan: debugPrintfEXT(...))
- rassert(<condition>, 435245341);
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CoBeTbl Mo oTNnagke CYMMNPOBaAHNA MaCCHBaA

1)

2)

ABTOMAaTUKa:

- CUDA - Compute Sanitizer (bbiBlunn cuda-memcheck)

- OpenCL - Oclgrind

Ynpowiante + CMOTPUTE YTO NPOUCXOAUT:

- caenanTe maneHbknm n=16

- std::cout << “values=" << stats::vectorToString(values_gpu.readVector()) << std::endl;
- printf(“index=%d value=%d\n”, index, value); (B Vulkan: debugPrintfEXT(...))
- rassert(<condition>, 435245341);

Kak npoaHanusnpoBaTb HAaCKOSIbKO Mbl OJIN3KU K NpeaesibHOU CKOPOCTHU
CyMMUpoBaHUA?
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CoBeTbl Mo oTNnagke CYMMNPOBaAHNA MaCCHBaA

1)

2)

ABTOMAaTUKa:

- CUDA - Compute Sanitizer (bbiBlunn cuda-memcheck)

- OpenCL - Oclgrind

Ynpowiante + CMOTPUTE YTO NPOUCXOAUT:

- caenanTe maneHbknm n=16

- std::cout << “values=" << stats::vectorToString(values_gpu.readVector()) << std::endl;
- printf(“index=%d value=%d\n”, index, value); (B Vulkan: debugPrintfEXT(...))
- rassert(<condition>, 435245341);

Kak npoaHanusnpoBaTb HAaCKOSIbKO Mbl OJIN3KU K NpeaesibHOU CKOPOCTHU
cymmupoBaHua? Speed-of-Light ananu3s!
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